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Accospliatoent of Teclmieal Objectivoa 


A. Develop sM3re efficleot data traaafar n>utl 


to ba uaad by exlatine im 


rocaaaiag ayatMui. 


Tala objactiva baa baan attalnad and raaliMd 
by mio^roua progruna used » N>ray /X-ray Mialyaia. 
Execution tinea of one - tenth (0.1) the previoua 
execution time are typical. 


B. Develop capability to store/analyze multiple N-ra 


Ibia capability has been completely developed 
and implmnented. Change detection, time sequence 
analysis, and noise reduction via successive frame 


averaging now exist in a versatile and effective manner 


C. Develop and implement an efficient 2-D Fast Fourier 


Transform. 


An efficient two-dimensional Fast Fourier 
Transform (FFT) has been developed for small image arrays 
(less than or equal to 19 x 19 picture eleTOnts) which 
is accurate to within 1% of a large array (512 x 512) FFT. 



D. Develop transfer function compensation capabilit 


which would correct for distortions and nonlinearities 


of N-ray /X-rays . 


This objective has been fully realized. Distortion 
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corr«ot.i<m hM « 3eaBQ>ll«li«d for •piMtrioalli' 
blurtiid Md wttli Ysriidilo badiEin>wi4 

enroll tosoMttOBt 

Capability for rapid data c<MipariB(»i of H-ray /X-ray 
imagery now exists at the ISC Data Analysis Facility as 
a result of this study. Infoniation, heretofore 
unattainid}le, can now be extracted fron N-ray /X-ray 
Image sets used in KSC support. H-ray /X-ray imagery used 
in ISC launch and support activities can now be analyaed 
more thoroughly and correctly. The capability for 
developing an operational N-ray/X-ray analysis system 
for various Shuttle probl^as has been reall 2 sed. 

This study has ascertained the ability of the N-ray/ 
X-ray Rapid Data Comparison Techniques to provide: 

1. Hydraulic fluid detection on/ in Thermal Protection 
System (TPS) tiles. 

2. Corrosion detection beneath TPS tiles. 

3. Defective electrical device and printed circuit 
board detection. 

4. Defective pyrotechnic device detection. 

5. Restoration of blurred images from fast film and 
set up problems. 
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6. Ciiftiig« d«t«otl<Mi for eorrooloii trooklsf^ 

7* Bodttotioa of i&MC* oliidlog BoauAlfomltioo* 

8. l<toatifioBtl<m of variooa auttorialo rim tti»lo 
lo<^ up toohniquM. 

III. M^piiomtimia of K^raf/X-TMf BMpi4 Omtm CoopmrioM 
l^cluiiquo 

A. Tliegiaml Protection Sratea (TPS) tile with hydraulic 
fluid 

A N-ray/X-rmy pair was taken of TPS tile test 
saaqples with hydraulic fluid injected at various points. 
A fflultichuinel signatui^ was developed exclusively for 
the hydraulic fluid. In addition, different concen- 
trations of hydraulic fluid were found to have different 
sii^atures. 

B. Thermal Protection System (TPS) tile with corrosion 

A N-ray/X-ray pair was taken of TPS tile test 
samples with a corrosion material (altuninum hydroxide) 
injected at various areas. A multichannel signature 
was developed exclusively for the corrosion. A simple 
ratio of the N-ray to the X-ray, with appropriate 
scaling, extracted the corrosion areas "autcmaatlcally". 
In addition, different concentrations of corrosion were 
found to have different signatures. 


3 





tile d 


A N-rtty/X*rAy pair wm tnkoii uf tile tent 
suiq^lM irltb doboadiag prasent Id certain areas. A 
attltieliaaael sli^ature could not be (toveloped for tbe 
debond arsM. It appears that the N>r ay /X-ray 
c(HiA}lnation did not detect any differences between 
bonded and debonded areas. One possible future 
i^proach Is to use spatial frequency signatures for 
discrimination of debond. 


D. Stainless steel tubine corrosion 


A N-ray /X-ray pair was taken of stainless steel 
tubing suq;>les with different types of internal corrosion 
present. A multichannel signature could not be developed 
for any type of corrosion. It appears that the N-ray/ 
X-ray ccxabination did not detect the difference between 
normal and corrosion-coated internal stainless steel 
areas. 


E. Defective electrical devices and printed circuit 


(PC) boards 

A N-ray /X-ray pair was taken of printed circuit 
boards containing etching, electricnl component, and 
connection defects. A multichannel signature was 
developed exclusively for each defect. Of particular 
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aod threshold detection were some of the results of the 
chugs detection techniques. 

I. Eeductlon of source vignetting 

N-ray and X-ray scanner systems may exhibit some 
degree of source vignetting (background shading non- 
unlformlty). Exunples of these nonllnearltles were 
successfully put through transfer function coaq>ensatlon 
to correct the distortions. Subtractive and ratio 
techniques were uployed for shading correction. 

J. Identification of materials via table look up 

N- ray /X-ray pairs were taken of 0-rlngs, teflon 
parts, soft goods, etc. In addition to the other exuples 
In this report. Host of these materials proved them- 
selves aronable to a table look up approach of classifi- 
cation. In many cases, neither the N-ray or X-ray 
possessed a unique signature for a certain type of 
material. However, using both N-ray and X-ray Images 
for multichannel signature analysis resulted In table 
look up potential. 
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